2/19 




<5 £ 5 

6 P>^ S 

1 s i & 

^ CV, f ^ 




3/19 



03 
3 

-o 
o 

CO 



CO 



LU 



Q_ 
O 



O 
Q_ 



LU 
00 



CO 



E 



re 

CD 
01 



CO 
LU 



CO 
Q 

I 

cd 



CD 

E 

P o 

_ CD 

Si 
«■& 

u u 
tog 

CD d) 

-E CD 



CO 
Q 



LU 


CO 


CO 


00 


1- 


Q 



CD 
§> > 

*; (/> 
to c 

C CD 
CD CO 

>• to 

CD Q 

Q O 

O *= 
(/) 

CO CO 

iSo5 

LU C 
II 

CO 
Q 



II 

CO 
Q 
CD .— 



CD 
.> 
+-» 

"to 
c 

CD 
CO 



CO 

o 

LU 



Q. 

o 



CO 
CD 

00 p 

II. II 
W CO 
00 I— 



4/19 




o 
c 



o 
_> 

"</> _ 
c 

<D 2 

«2 

II c 

o 

.12 w 

</> o 
c 

<D II 

</> |_ 

3 O 

O 0) 

£ J2 

co 9? 



O T3 

-° II 

■■ <d 

LU (O 

CD Q 



5/19 



</) re 
•*-» — 

re o 
<5f 

§E 
'5> 2 




o 
o 





Se 


(/> 
3— 




a— 


CD 






>* 






(0 






-1 




uest 


ther 






o 




Re 


o 



o *; 



o 

-l-> 

LU 



6/19 




7/19 




8/19 




44- 



10/19 



702 



701 



Service 

Manager 
I I Resource utilisation 

I IPolicy Manager 

| I Topology 
I — I Manager 


IP Layer 

Traffic Path 

(ingress side shown) 




IP Network 


MPLS Layer 


-v--t-(- 


IP-MPLS 
Edge Router 



MPLS-MOTL 

Adaptation 

Layer 



Single lambda 
transmission ports 
(SLT Ports) 

Multi-lambda 
transmission port 
(MOT Port)-Carries 
traffic over a Dynamic 
Multi-Lambda ^ 
(DML) Path 




Single Lambda 
Transport (SLT) Layer 



Transit traffic 



T 



101 



parage* 



metering 



Fig. 10 



Lambda Switch 



Optical routing 
Project - 
Operational 
Architecture v0.2 
PAK,DI,PH 15/9/00 



Transmission links 
lambda multiplexors 
lambda demultiplexers 
etc. 




I 



Corfe sw itch control 



itor 



11/19 




102. 



Control Plane 
I 



MPLS Port Ingress Control 



MPLS path 

valuation 

function 



4 



IP control 

signal 

generator 



MPLS link price 




MPLS path 
price 

calculation 



DML path price - -> 



MPLS path 
setup & 
teardown 



MPLS path 
finder 

(distributed) 

r~ 



smoother 



Averaged MPLS 
link pYice 



T 



MOT Port Ingress Control 
MOT Pori Forwarding 



DML Path 
valuation 
function 



Analogue 
bid per 
MOTport- 



SLT path 
valuation 
function 




DML Path 
price 

generator 



-Per MOT 
Port 

(analogue) 



SLT Port 
load 

balancer 



price & # of 

lambdas 

allocated 



Local 

policy 

enforcer 

(incl. 

budget 

allocator) 



DML path 
■*set-up & 
tear-down 



-Per MOT Port f 
SLT Port 
allocation 



SLT port allocator 
(enable/disable lambdas) 



SLT path bids 



Lambda link 

configuration 

monitor 




Lambda path set- 
up & tear-down 




SLT Ingress Control 



Model of Lambda layer configuration 
(distributed) 



Lambda path 
finder 

(distributed) 



-I 



Lambda link 
price setter 



smoother 



Fig. 10 (cont) 



12/19 



103 



Management Plane 



MPLS Layer Policy 
Controller 



7 



LSRs 



MPLS Layer Path Advisor (centralised) 

- checks for better MPLS path allocation 

- monitors traffic loading 



Interlayer 
Topology 
Negotiation- 



MOT Layer 
Policy Controller 

- defines & adjusts 
valuation functions 
for DML path bidding 

- sets MPLS control 
levels & pricing 
algorithms 

- defines & adjusts 

load balancing algorithms 



MOT Layer path Advisor 
(centralised) 



SLT Layer 
Policy Controller 

- defines & adjusts 
value functions 

- sets control levels 

- sets conversion 
rates etc. 



Inter 
Layer 
Policy 
Controller 



Fig. 

(con 



Averaged ^Lambda link price 



Lambda Layer path Advisor 
(centralised) 

- checks for better global 
lambda path allocation 

- monitors traffic loading 



13/19 



a> 

E 
a> 



Id- 



OS) 



OX 



ox 



c 



OX 

E 



OX 



OX 

E 



<D 
(0 



>, 

(0 
CO 

-I 

Q. 



CO 
-I 
0. 



o 

(0 

Q 

(0 

< 



(0 


9 


"D 






rt(S 


am 




o 


<D 


Q 
(0 


a 


C 


c 


2 


CO 


i- 



a> 

<0 



14/19 



Q_ W 

O a3 
I— 

q> g. 

CD _^ 

£ E 

O) CD 

■c75-^ 
— CD 

o 



o it? 



o 
o 



o 

CD 




o 
o 





















pat 




o 


CL 










IS 


up 


o 

"O 
J— 


CO 

i 


CD 


_Q 


LL 


set 


tea 


MPI 


find 


(dis 



1/ 



CO 
CM 




o 

O 

<r> 
cn 

CD 



o 

Q_ 
CO 

I 

Q_ 









o 




o 


~£ 




-(— « 

CD 


o 


CD 


CD 


o 




£Z 


Q_ 


CD 


CD 




C/) 


CO 



Q- O C 



CD 

o 
o 

E 

C/) 



I/- 



CM 
CM 



CD 
O 

CL 



CM 



a! 




8& 
"2 I 



5 

o 

en 
o 
■g 

"en 
en 

<D 



_g 

CD 

■= CO 

5 g 

CD CD >, s- 

O ^ CO CD 
^ O CD 

o & o g 

CD O .O 5 

o: cl i- ^ 



o 

0) 




0) 

c/5 o 

-I Dd 

i * 



CO 

CO 



CO 

a> 
o 

CO 
_l 
CL 



V f 



CD 
>, 
(0 



CD 
>\ 
(0 
—I 

CO 

-I 

0. 



00 



CM 
00 



CO 



15/19 




16/19 




- _ CO "O ^ 

C/) ^ CD F CO 

55 h- o ._l — i 

c O SE ^ ^ 

CD _ q 



o 






» 






Yd 






\o 






\E 






\ • 






\ c 






\ a> 












\ CD 






Vli 


C/) 
1— 




tn 


OX 






CD 




link 

lexi 






r= .9- 


3 




issioi 
mult 


dem 




E «o 


CO 




E7S -o 


"O 




_Q 




2 E 


E 


_d 


h= 12 


_co 


"55 



E 

(0 

-I 



o 

(0 



CO 

o 

Q 
(/> 
C 
(0 



17/19 



c 

J5 

Q. 

c 

o 

E 
a> 
a 

CO 

c 

(0 




path 




path 




uted) 


IS 


cl"9 

3 si- 


LS 


O 


trib 


□_ 




CL 


"O 


.££ 








2, 



c 

JO 
Q. 



O 
O 




CO 



o 
O 

CO 
CO 
CD 



O 
Q_ 

CO 
Q_ 









o 




o 


~£ 




-(— • 

CO 
I— 


o 


CO 


CD 


o 




cz 


Q_ 


CD 


CD 




CO 


CO 



Cl o C 



CO o 

,n '"is 



CD 

o 
o 

E 

CO 



O 
>i 
(0 
-I 

CO 

-I 

Q_ 



o 
Cl 

00 

a! 



I 

o 



CO 
—I 
Q_ 



C 

o 

Q 

(0 

< 



o 

>, 

CO 



18/19 



CO 



§ w o o 

£ J Q. u 



o 
c 

(0 



o 

E 
o 

a> 
co 
c 

CO 



— c/> 
O .2, 

L_ £■ CO 

-I >> 0) 

I— .o ^ 
O o ^ 

s £ ? 



CO 

O "O c 

> £ T 



</5 



°3 r cd co 
.E -Q 



cd o q3 "o 

> CO -rj CO 



-f— - 



to 







o 




C/) 




■> 




■o 




< 








"co 




Q_ 




i_ 


"O 


CD 


CD 




C/> 


CO 




_l 


"co 

1— 


1— 


-(— « 


O 


CD 




O 



CD ^ O 

— >* H CD "cO 

CO O o : CO o 

O O C C 3 = 

J Q. 0 ^Z>_Q CO 



<D 
C 
JO 

Q. 

O 

c 
o 
o 



CD 

o 
-J 













o 


CO 




-(— « 


CL 




CO 

L_ 


_l 


CD 


CD 




_o 


en 


Q 


Q_ 


CO 



o 
O 

co 

CO 

■c 

o 

CL 



CO 
5P 



1 4 



O 

>i 
CO 

-I 

CO 

-I 



CL 
O 









-(— « 

CO 




dow 


CL 




1 


=5 


j_ 


DM 


set- 


teai 



o 

CL 



CD 
O 



I "O CO 

□ jo 7g 
CO _Q _q 



co o c 
Q_ "^3 O 

=! S'tS 

ill 



o 

o> o 
CL CL 

I 



CD -J 

CL co 



c: 

,o 

CO 

o 
"co 



0^° 
S =tt CO 



CO 

o 
"co 



c 

CD 



co £ 



CO 

—I 

0. 



(0 

Q 
CO 

< 



t 

CD t 
=3 O 

f ^ 

S ^2 y 

S 



CD 
>i 
(0 



r* 

i 

c 

CD ^> **- 

-S -2 
CD cl 

c i2 > 



so 



CO 
"D 
-Q 

E 

CO 

-I 

on 
c 

CO 



CO 



CO 

o 

Q 

c 

CO 



19/19 



CO 



c 

JS 

Q. 

C 

o 

E 
o 
a 

(0 

c 

(0 



£ 

jo 

Q. 



O 
O 



CD = C 

^ « o o 

£ JQ.O 







o 




c/> 




■> 




■o 




< 








co 




Q_ 




L_ 


"O 


CD 


CD 


>* 


CO 


CO 




_l 


"co 
&_ 


1— 


"E 


o 


CD 




O 



o 



I 

I 



.o 

CO 

o 
"co 



O o^oa co ^ 

^ O ^3 CO 
^- o cr o 

a. a. ^ a-S 15 



CO 

—I 

Q_ 



(0 
Q 

< 



I 
i 

o 



> 
co 



CD 

co j-p, 
^ S 



o 
co 

> 

< 



CO 

CD ^ 

to 

CO — 

E| 
I § 



CO CD 

o o =5 

CO "-4-; CO 

>- F? ° 

S o o 

» S- 12 

CO o 

^ CO -M 

CD _Q § 



o 





I 


CO 




CO 








itrollei 


adjust 


ons 


ol leve 


nversion 




CD 


^_ 

o 




o 








CO 




o 


o 


o 


TLa 


Jicy 


efine 


lue ft 


ets o 


ets o 


es et 


i 






val 


CO 


CO 


~c3 


CO 


Q. 


1 


1 


1 




CO 



tn 

CO 
"O 



oi5 
"co Q 

_2 CO 

lo^ 

O J> 
CL_Q 

I— co 











CO 


c 


_c 






o 


"co 


~D 


Q_ 


L_ 


CO 


CO 


"O 


_CD 


_Q 




E 


06 


CO 


Cl 


_l 


ZD 



o 
o 

CD 
CO 




1^ 




CO 







_c 


3 






CO 






CO 


qui 


ce 


La 


pri 



CO 

■a 
_q 

E 
<o 
-i 

c 

CO 



o 

>l 

CO 



CO 

o 

Q 
</> 
C 
CO 



